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It is commonly assumed that the application of solar power system can save energy and relief global climate change. Presented in 
this study is the account of energy performance and greenhouse gas emissions of a planned solar tower power plant in China 
based on the life cycle analysis method. The conservative estimation of energy cost for the concerned plant is 1.21 times of the
electricity output, which is a relatively decent performance amongst power generation technologies. In order to analyze the 
greenhouse gas performance, a comparison is carried out between the solar tower power plant and conventional coal-fired power 
plant in China. Results show the application of this solar system obtains a net greenhouse gas emission reduction of 0.31E+06 ton 
CO2 equivalent, during its operating period of twenty years. It is believed that this successful example can lend solid support to a
future wide use of solar power in China.
© 2011 Published by Elsevier Ltd.
Keywords: Solar tower power plant; Electricity generation; Energy analysis; Greenhouse gas emission
1. Introduction
The Chinese Government has undertaken a series of national programs to promote the development and 
utilization of clean and renewable energy. According to the national Long- and Medium-term Plan on Renewable 
Energy, demonstration projects of solar thermal power plant is to be constructed in desert- and Gobi areas in 
northwest China during the Eleventh Five-Year Planning (2006-2010), and the total existing capacity of solar 
thermal power will be expected up to 50MW by 2010, and 200MW by 2020. This paper describes a planned solar 
power tower plant in suburban Beijing, which is carried out by the Chinese Ministry of Science and Technology in 
cooperation with Institute of Electrical Engineering Chinese Academy of Sciences. This study also conducts an 
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energy analysis and Greenhouse gas (GHG) emission estimation on the solar tower, and determines resource 
conservation achievable by solar energy. In addition, this paper also assesses the potential of solar tower for fossil 
energy savings and GHG mitigation in China.
2. Methodology
Before investigating the whole GHG emissions, we should study the overall energy cost of the power tower,
which is determined by accounting all primary energy flows, mainly including coal, raw oil, and natural gas into the 
process. Firstly, an inventory of all input energy and matter flows to the whole chain of processes is performed. 
Secondly, input flows are then multiplied by suitable conversion coefficients which express the unit primary energy 
demand in the production or preparation of each input. Such coefficients are evaluated by I-O analysis which is 
performed by Zhou [1]. Similarly, the GHG emissions associated with NE cost can be calculated as input flows
multiplied by conversion coefficients which express the unit GHG emissions in the production or preparation of 
each input. Such coefficients can also be found in Zhou [1]. All of the raw data of inputs into the planned power 
tower plant is provided by China Hua Dian Corporation [2].
3. Case study
The solar power tower project, rated at 1.5 MW, would comprise 100 curved heliostats to concentrate radiation 
on a 100-meter-tall tower, using water as the heat transfer fluid. The 1.5MW solar thermal power plant locates in 
Yanqing County (115°44’E~116°34’E, 40°16’N~40°47’N) in the northwest of Beijing City, covers 236.8 Chinese 
mu (157,867 m2). Dahan will generate up to 2.7 million kW•h of electricity per year. Taking two years to construct, 
the project is designed with an operational life of 20 years.
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Figure.1. The framework of the planned solar tower power plant in Beijing, China.
In solar tower power plants (shown in Figure.1), the solar radiation is concentrated onto a central heat 
exchanger/absorber by a hundred of reflectors that position themselves automatically. Process heat can be generated 
to practically any temperature and also be used for chemical processes. In the solar tower, the heat created inside the 
absorber is used to generate electricity via a steam turbine power plant. Moreover, to make full use of the land on 
which the plant will be used, the design also calls for growing crops under the heliostats. 
Glasses are playing an important role as transparent materials of concentrating solar power (CSP) systems. The 
optical transparency, chemical durability and manufacturability of glass make it a critical material for solar energy 
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applications. There are many designs for solar power plants, but the general function of the glass component is 
common: glass transmits desirable solar radiation to an active component (photovoltaic cell, thermal storage unit, 
etc.) while providing chemical and structural protection of that active component from the ambient conditions. 
Mirrors are regularly included in solar concentrator designs. One study compared the durability and performance of 
several solar concentrator materials, including various silvered glass mirrors with a range of thicknesses, silvered 
polymer film, and polymer coated sheet aluminum. The control problem in a solar collector field is to keep the field 
outlet temperature near a desired set point or reference temperature. This reference is set by the operator during 
operation and should match the inlet conditions imposed by the desalination plant steam generator or by a heat 
exchanger feeding a steam turbine. Moreover, to avoid thermal stress in the absorber pipes, the outlet temperature 
should not be more than 80 °C over the inlet temperature. The plant is exposed to disturbances, such as inlet 
temperature changes (from stratification in the tank), variations in ambient temperature, dirt on the collectors 
affecting their optical efficiency, and changes in solar radiation due to the daily solar cycle or to passing clouds. The 
characteristic gains, delays and time constants change depending on the input, output and disturbances.
4. Results and discussion
The energy cost of the whole solar tower power system is 2.35E+08MJ. About 52% is related to solar collectors’ 
field, 19% to maintenance and operation, as well as 15% to Turbo-generator system. The total electricity output for 
a 20 years solar tower is thus summed up to be 1.94E+08 MJ. Thus, the energy cost intensity is calculated to be 
1.21MJ/MJ. The total GHG emissions for a 20 years solar tower power plant are summed up to be 1.28E+04 ton 
CO2 equivalent. An embodied GHG emission of 0.06 kg CO2 equivalent/MJ is found for the solar tower.
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Figure.2. Percentages of NE cost for each stage in a Chinese solar tower life cycle.
In a rough estimation, the national average coal consumptions in generation of the thermal power plant are 356 
g/kWh; the service power consumption rate is 7.1%; the average energy line loss rate is 7.52%, provided by CESY 
[3]. All of these data give a national average energy intensity of thermal power of 2.64 MJ/MJ, and a typical GHG 
emission coefficient of 0.22 kg CO2/MJ. The coal power system therefore tends to consume about 2.18 times of 
energy and 3.67 times of GHG emissions as compared to the considered solar tower for per unit generation of 
electric power. Meanwhile, 1.43 MJ of energy and 0.16 kg equivalent CO2 is saved per MJ of solar electricity output. 
Thus the energy saving and GHG emission mitigation during 20 years of operating time have been estimated as 
2.77E+08GJ and 0.31E+06 ton equivalent CO2.
5. Conclusion
Solar thermal energy can make a real impact if it leads to large scale cost-effective electrical power generation. 
The considered solar tower system shows promise for commercialization, but need a considerable amount of 
developmental work. Compared with thermal power system, solar tower would achieve significant fossil energy 
savings and GHG emission mitigation in China. However, the energy cost of the considered solar tower power plant 
80  Q. Yang et al. / Procedia Environmental Sciences 5 (2011) 77–80
is 1.21, manifesting the construction and utilization of solar tower is nonrenewable than expected. The extent of 
these nonrenewable energy cost is dependent mainly on the location of the system, the national energy consumption 
structure, the national arts and crafts level, and the system itself. Nevertheless, this study will be useful for the solar 
tower manufacturer, generating members and decision makers.
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